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Abstract Bactericidal efficacies of various sanitizers and disinfectants against 10 Bacillus cereus strains isolated from
Korean foods and 8 standard B. cereus strains were investigated. The sanitizing capabilities of ethanol, iodine, chloride,
quaternary ammonium, hydrogen peroxide, and peroxide acetic acid were investigated using the EN 1276 method based on
quantitative suspension testing. The resistance against sanitizers and disinfectants was higher for wild-type than standard
strains, and the bactericidal activities decreased in dirty conditions. Ethanol, chlorine, and iodine at the maximum level
allowed under Korean food sanitation laws showed a great effectiveness against B. cereus. Hydrogen peroxide at 1,100 ppm
showed the lowest bactericidal activity against B. cereus. These results indicate that the legally allowed maximum
concentrations of sanitizers and disinfectants in Korea do not reduce all B. cereus strains by at least 5 log;, CFU/mL.
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Introduction

Controlling microorganisms that cause food-borne illnesses
is important to food safety, and increasing attention is
being paid to physical, chemical, and biological methods
for controlling food-borne pathogens, especially in food
processing plants. Physical methods include high-voltage
pulsed electric fields (1,2), oscillating magnetic fields, high
hydrostatic pressures (3), sonication, and microwave treatment
(4). Chemical methods include the use of disinfectants and
sanitizers such as alcoholic compounds (5), quaternary
ammonium compounds, iodine, acid/alkali solutions (6),
and surfactants. Most food processing plants tend to
employ chemical methods due to their greater convenience
and lower cost. The use of chemical disinfectants is
expected to increase in order to reduce the incidence of
food poisoning associated with contact surfaces of
cafeterias and other food-processing facilities. In July 2007
there were 176 chemical sanitizers and disinfectants legally
registered by the Korea Food & Drug Administration
(KFDA) using standard method. Products that reduce
Escherichia coli ATCC 10536 (also known as ATCC
11229) and Staphylococcus aureus ATCC 6538 by at least
99.999% (5 log;y CFU/mL) are approved for use. The
evaluation methods do not consider food-borne pathogenic
bacteria other than S. aureus and E. coli. This research
chose Bacillus cereus, which is widely found in soil (7-10)
and possesses strong resistance against chemical sanitizers.
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The efficacies of approved B. cereus - sanitizers and
disinfectants sold in the Korean market were evaluated in
this research.

Materials and Methods

Bacterial samples In this experiment, 10 strains of wild-
type B. cereus isolated from brown rice, barley, glutinous
rice, humans, adlay flour, and white rice were obtained
from the Food Safety Research Laboratory at Kangwon
National University. The wild-type strains of B. cereus
were identified by API (API 50 CHB/E medium; bioMerieux,
Craponne, France) before being used in the experiments.
The following 8 standard strains were also used: ATCC
14893, 53522, 21772, and 11778; KCTC 1092, 1094, and
1013; and KFRI 181. The bacteria were preserved and
cultivated by spreading the sample strains on tryptic soy
agar (TSA, Difco Laboratories, Detroit, MI, USA) and
incubating them for 18-24 hr. Active cultivation was
applied to 2 other sample sets.

Sanitizers and disinfectants Table 1 lists the 10 sanitizers
and disinfectants that were purchased from a Korean
market to evaluate their efficacy against the bacteria. The
selected treatment concentrations were maximally allowed
concentrations against food processing machine and
utensils by KFDA.

Evaluation of efficacies of sanitizers and disinfectants
The efficacy of the sanitizers and disinfectants were tested
using the European EN 1276 method based on quantitative
suspension testing (11,12). KFDA also uses EN method as
the official method. Eight mL of disinfecting product was
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‘ Interfering substance (1 mL) + test strain (1 mL) ‘
A

| 20£1°C, 18010 sec |
A

‘ Disinfecting product (8 mL) ‘
\

| 20+1°C, 30010 sec |
A

Disinfecting product (1 mL) + neutralizing agent (8 mL)
+ sterile water (1 mL)

\2

‘ 20+1°C, 30010 sec ‘
\2

‘ Neutralized mixture (1 mL) + TSA plate (15 mL) ‘
J

‘ 36+1°C, 24 hr ‘
\2

‘ Counting ‘

Fig. 1. Dilution and neutralization protocol.

added to a mixture containing 1 mL of the test strain and
1 mL of interfering substance. After the mixture reacted at
20+1°C (mean+SD) for 5 min and was agitated, 1 mL of
the mixture was taken and added to a mixture containing 8
mL of neutralizing agent and 1 mL of sterile water. This
mixture was then maintained for 5 min at 20+1°C to ensure
complete neutralization, after which 1 mL of the mixture
was immediately applied to a sterilized petri dish, with
TSA used to count the live bacteria (Fig. 1).

Interfering substances Sterile interfering substance
samples were prepared by resolving 0.3 g of bovine serum
albumen (BSA; Sigma-Aldrich, St. Louis, MO, USA) into
100 mL of water and then filtering it through a membrane

Table 1. Tested commercial sanitizers and disinfectants
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filtration system prior to use (0.45-um pore diameter, AG
3770770; Sartorius, Gottingen, Germany). Interfering-
substance samples in dirty conditions were prepared by
using 3 g of resolved BSA in 100 mL of water.

Neutralizing agent The neutralizing agent was created
by combining 3 g of lecithin (Fluka, Switzerland), 30 g of
polysorbate 80 (Fluka), 5 g of sodium thiosulfate (Sigma-
Aldrich), 1 g of L-histidine (Sigma-Aldrich), and 30 g of
saponin (Fluka, Germany) in a 1,000-mL flask. The mixture
was then diluted with a diluting agent to increase its mass,
resolved, and sterilized prior to use.

Diluting agent The solution for dilution was prepared by
resolving 1 g of tryptone and 8.5 g of NaCl into 1,000 mL
of distilled water. This solution was then sterilized before
use.

Hard water Solution A was prepared by resolving and
sterilizing 19.84 g of MgCl, and 46.24 g of CaCl, to create
a total volume of 1,000 mL. Solution B was prepared by
resolving 35.02 g of NaHCO; into water and filtering
through a membrane filtration system. The hard water used
in sanitizers and disinfectants was created by adding 6.0
mL of solution A to at least 600 mL of sterile water in a
1,000-mL flask, to which 8 mL of solution B was added,
with sterile water then added to make up a total volume to
1,000 mL.

Bacterial sample suspension The bacterial sample
suspension was created by adding 10 mL of sterilized
diluting agent and 5 g of sterilized glass beads to a 100-mL
triangular flask. The activated trial sample of bacteria was
inoculated with white gold. A colorimeter (Vitek; HACH,
Loveland, CO, USA) revealed that the initial bacterial
population was 1.5-2.5x10% CFU/mL. The sample was
then maintained at a constant temperature (20+1°C) for 2
hr before use. The bacterial population in the resulting
bacterial sample suspension was measured with TSA to
produce the desired population size.

Results and Discussion

The results of evaluating 10 sanitizers and disinfectants
using the quantitative suspension method are listed in Table

Sanitizer/disinfectant Active ingredient

Concentrations of active .
Treatment concentration

ingredient (%)
P-1 Ethanol 95.0 95.0%
pP-2 Ethanol 75.0 75.0%
P-3 Hypochlorous acid 4.0 200 ppm"
P-4 Sodium dichloroisocyanurate 94.0 100 ppm
P-5 Todine 2.0 15 ppm
P-6 lodine 1.5 25 ppm”
P-7 Quaternary ammonium 5.0 100 ppm”
P-8 Acetic acid/sulfuric acid 14.0/9.8 280 ppm/196 ppm
P9 Peroxyacetic acid 5.8 145 ppm
P-10 Hydrogen peroxide 35.0 1,100 ppm"

DThe selected treatment concentrations are maximum allowed concentration against food processing machine and utensils by KFDA.
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Table 2. Efficacies of 10 sanitizers and disinfectants against B. cereus strains
Reduction of B. cereus" (logy CFU/mL)
Condition Test organism

P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P9 P-10

ATCC 14893 >5 >5 >5 >5 472 >5 >5 >5 >5 171
ATCC 53522 >5 >5 >5 >5 1.84 >5 >5 >5 >5  3.65

ATCC 21772 >5 >5 >5 >5 291 >5 >5 >5 >5 191

Standard ATCC 11778 >5 >5 >5 >5 >5 >5 >5 >5 >5 >5

B. cereus KCTC 1092 >5 >5 >5 >5 324 >5 >5 >5 >5 283

KCTC 1094 >5 >5 >5 464 4.00 >5 >5 >5 >5 293
KCTC 1013 >5 >5 >5 403 358 497 >5 >5 >5 3.00
KFRI 181 >5 >5 >5 >5 427 >5 >5 >5 >5 3.04
Clean Brown rice 1 >5 >5 488 488 347 >5 485 488 481 244
Brown rice 2 383 388 386 395 348 4.12 386 4.02 383 2.03
Barley 1 >5 >5 >5 >5 359 >5 >5 >5 >5  1.82
Barley 2 >5 >5 >5 >5 370 >5 >5 >5 >5 122
Wild-type Glutinous rice 1 >5 >5 >5 >5 342 437 378 401 445 139
B. cereus Glutinous rice 2 >5 >5 >5 >5 376 >5 >5 >5 >5 104
Human 1 >5 >5 >5 >5 413 >5 >5 >5 >5 220
Human 2 >5 >5 >5 >5 266 431 333 >5 >5 146

Adlay flour >5 >5 >5 >5 313 >5 >5 >5 >5  1.83
White rice 452 451 439 436 222 443 427 427 432 235
ATCC 14893 >5 >5 381 431 366 >5 >5 >5 >5 157
ATCC 53522 >5 >5 262 >5 144 461 >5 >5 >5 226
ATCC 21772 >5 442 322 165 084 322 200 >5 >5 034

Standard ATCC 11778 >5 >5 >5 >5 >5 >5 >5 >5 >5 481
B. cereus KCTC 1092 >5 >5 449 249 119 490 471 >5 >5  2.06

KCTC 1094 >5 >5 369 440 188 >5 >5 >5 >5 293
KCTC 1013 >5 >5 >5 316 148 424 >5 >5 >5  3.00
KFRI 181 >5 >5 391 493 126 49 >5 >5 >5  3.04
Dirty Brown rice 1 4890 >5 488 170 220 248 480 470 482 1.15
Brown rice 2 402 394 383 38 29 308 383 382 383 149
Barley 1 >5 >5 376 284 270 >5 >5 >5 >5 039

Barley 2 >5 >5 383 349 283 357 >5 >5 >5  1.51

Wild-type Glutinous rice 1 315 330 >5 376 260 439 1.60 4.07 440 0.3

B. cereus Glutinous rice 2 >5 >5 465 360 314 285 >5 >5 >5 1.53
Human 1 >5 >5 165 231 105 >5 >5 >5 >5 150
Human 2 >5 >5 >5 >5 266 431 157 >5 >5 098
Adlay flour >5 >5 309 3.09 293 261 450 >5 >5  0.65
White rice 438 428 428 425 083 346 438 431 438 145

Dlnitial concentration of B. cereus: 2x10° (8.414 log) CFU/mL.

2. Sanitizers and disinfectants containing 75 and 95% ethanol
reduced all standard B. cereus strains except for ATCC
21772 by more than 5 log;y CFU/mL in dirty conditions.
Application of the sanitizers and disinfectants reduced the
2 wild-type B. cereus strains originating from rice by 3.83-
4.52 log;y CFU/mL, whereas all the other wild-type B.
cereus strains were reduced by at least 5 log;q CFU/mL in
clean conditions. In dirty conditions, 3 wild-type strains
were reduced by 3.15-4.38 log;o CFU/mL, whereas all the
other wild-type strains were reduced by more than 5 log;,
CFU/mL. The results of using the 2 types of sanitizers and
disinfectants containing chlorinated organic products and
chlorinated inorganic products at their legally allowed
maximum concentrations according to ‘no-rinse’ standards

are listed in Table 2. Although using P-3 in clean conditions
reduced all but 2 strains from brown rice and white rice by
more than 5 log;y CFU/mL, such a reduction was only
induced by P-3 in dirty conditions against ATCC 11778,
KCTC 1013, and 2 wild-type strains from glutinous rice
and humans. Peng et al. (13) reported that when B. cereus
could not form spores and was in a vegetative state, 25
ppm sodium hypochlorite reduced more than 5 log;y CFU/
mL within 15 sec. The inorganic chlorinated sanitizer, P-4,
reduced KCTC 1094, KCTC 1013, 2 strains from brown
rice, and 1 strain from white rice by more than 5 logg
CFU/mL in clean conditions. However, the P-4 tested in
dirty conditions reduced all strains by only 1.65-4.31 log)g
CFU/mL. Two iodine products (P-5 and P-6) were also
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tested. P-5 (containing 15 ppm iodine) reduced all B.
cereus strains by less than 5 log;y CFU/mL in both clean
and dirty conditions with an exception of ATCC 11778,
and P-6 (containing 25ppm of iodine, which is the
maximum lawful concentration) also reduced all B. cereus
strains by less than 5 log;, CFU/mL in dirty conditions.
The quaternary ammonium compound, P-7, reduced 5 wild-
type B. cereus strains isolated from brown rice, glutinous
rice, humans, and 1 from white rice by less than 5 logg
CFU/mL in clean conditions. In dirty conditions, P-7
reduced ATCC 21772, KCTC 1092, and the wild-type
stains from brown rice, glutinous rice, humans, adlay flour,
and white rice by less than 5 log;q CFU/mL. Although the
resistance of quaternary ammonium against bacteria has
been widely reported (14-16), the results are generally not
related to the practical commercialized sanitizers used in
food facilities. Peng et al. (13) reported that when B. cereus
could not form spores and was in a vegetative state, a
quaternary ammonium compound at 100 ppm reduced it
by more than 5 log;y CFU/mL within 15 sec. The acid-type
sanitizer, P-8, reduced all standard B. cereus strains by more
than 5 log;y CFU/mL in both clean and dirty conditions,
but this level of reduction was only evident against 6 wild-
type strains in clean and dirty conditions, with other 4 wild-
type strains showing reductions of 3.82-4.88 log,, CFU/
mL. Although the peroxyacetic acid sanitizer, P-9, reduced
4 wild-type B. cereus strains by less than 5 log;, CFU/mL,
its efficacy was generally higher than those of the other
compounds. The hydrogen peroxide sanitizer, P-10, showed
the lowest efficacy among all 10 sanitizers and disinfectants,
reducing most of the strains of B. cereus by only 1-3 logg
CFU/mL in clean and dirty conditions. B. cereus exhibits a
high resistance to disinfectants, with sanitizers reducing it
by only 4-5 log;, CFU/mL. This contrasts with the 10
tested sanitizers and disinfectants being approved by the
KFDA as reducing E. coli and S. aureus strains by more
than 5 log;o CFU/mL.

The results of this research indicate that the approved
products do not reduce all standard and wild-type B. cereus
strains by at least 5 log;o CFU/mL. It therefore appears that
the approval system for sanitizers and disinfectants underlying
Korean food sanitation laws needs to be revised.

Acknowledgments

This work was partly supported by the GRRC Program of
Gyeonggi-do [20080577, Development of Technology
Improving Shelf-life through Risk Assessment of Bio-
materials and Bio-resurces] and by a grant awarded by the
Korea Food & Drug Administration in 2006
(06042InCheGang079).

L J Kim et al.

References

1. Kim KT, Kim SS, Hong HD, Ha SD, Lee YC. Quality changes and
pasteurization effects of citrus fruit juice by high voltage pulsed
electric fields (PEF) treatment. Korean J. Food Sci. Technol. 35:
635-641 (2003)

2. Qin BL, Pothakamury UR, Vega H, Martin O, Barbosa-Canovas
GV, Swanson BG. Food pasteurization using high-intensity electric
fields. Food Technol.-Chicago 49: 55-60 (1995)

3. Kalchayanand N, Silker T, Dunne CP, Ray B. Hydrostatic pressure
and electroporation have increased bacterial efficiency in
combination with bacteriocins. Appl. Environ. Microb. 60: 4174-
4177 (1994)

4. Shin JK, Pyun YR. Inactivation of Lactobacillus plantrum by
pulsed-microwave irradiation. J. Food Sci. 62: 163-166 (1997)

5. Shin SY, Hwang HJ, Kim WJ. Inhibition of Campylobacter jejuni in
chicken by ethanol, hydrogen peroxide, and organic acids. J.
Microbiol. Biotechn. 11: 418-422 (2001)

6. Yeon JH, Lee DH, Ha SD. Bacteriocidal effect of calcium oxide
(CaO, scallop-shell powder) on natural microflora and pathogenic
bacteria in sesame leaf. Korean J. Food Sci. Technol. 37: 844-849
(2005)

7. Jensen LB, Baloda S, Mette B, Frank MA. Antimicrobial resistance
among Pseudomonas spp. and Bacillus cereus group isolated from
Danish agricultural soil. Environ. Int. 26: 581-587 (2001)

8. Jang EK, Seo JH, Park SC, Yoo BS, Lee SP. Characterization of
mucilage produced from the solid-state fermentation of soybean grit
by Bacillus firmus. Food Sci. Biotechnol. 16: 722-727 (2007)

9. Cho WI, Choi JB, Lee KP, Cho SC, Park EJ, Chung MS, Pyun YR.
Antimicrobial activity of medicinal plants against Bacillus subtilis
spore. Food Sci. Biotechnol. 16: 1072-1077 (2007).

10. Yoon WB, Gunasekaram S. Microbial contamination by Bacillus
cereus, Clostridium perfringens, and Enterobacter sakazakii in
sunsik. Food Sci. Biotechnol. 16: 948-953 (2007)

11. AOAC. Official Methods of Analysis of AOAC Intl. 16" ed.
Method 960.09. Association of Official Analytical Chemists,
Arlington, VA, USA (1995)

12. British Standards Institution: Chemical disinfectants and antiseptics-
quantitative suspension test for the evaluation of bactericidal activity
of chemical disinfectant and antiseptics used in food, industrial,
domestic, and institutional areas - Test method and requirement
(Phase 2, Step 1), EN 1276, European Committee for
Standardization, London, UK (1997)

13. Peng JS, Tsai WC, Chou CC. Inactivation and removal of Bacillus
cereus by sanitizer and detergent. Int. J. Food Microbiol. 77: 11-18
(2002)

14. Chapman JS. Biocide resistance mechanisms. Int. Biodeter. Biodegr.
51: 133-138 (2003)

15. Langsrud S, Sundheim G, Holck AL. Cross-resistance to antibiotics
of Escherichia coli adapted to benzalkonium chloride or exposed to
stress-inducers. J. Appl. Microbiol. 96: 201-208 (2004)

16. Soumet C, Ragimbeau C, Maris P. Screening of benzalkonium
chloride resistance in Listeria monocytogenes strains isolated during
cold smoked fish production. Lett. Appl. Microbiol. 41: 291-296
(2005)



